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CAROTIN-THE PRINCIPAL NATURAL YELLOW PIGMENT 
OF MILK FAT-Part IV.* 
A. The Yellow Pigment of Blood Serum. 
B. Carotin and Xanthophylls During Digestion. 
C. The Pigments of Human Milk Fat. 
LEROY S. PALMER and C. H. ECKLES. 
A. THE YELLOW PIGMENT OF BLOOD SERUM 
Very few investigations have dealt with the so-called lutein of the 
blood serum. Thudichum 1 was the first to mention it and classify 
it as a lutein. Schunck,2 a number of years later, showed that the 
lutein of fowl serum was spectroscopically identical with the L. 
xanthophyll which he isolated from yellow flowers and green plants. 
Halliburton s also studied the lutein of the serum of the hen, but the 
pigment isolated by him had evidently lost its spectroscopic properties 
in view of Schunck's investigation. Finally, Krukenberg 4 extracted 
the lutein from ox serum by shaking with amyl alcohol. The extract 
showed two absorption bands. He used the designation lipochrome 
for the pigment. His work is usually mentioned in the present text 
books of physiological chemistry. 
Recent investigations in connection with various animal luteins 
or lipochromes have shown that they may be classified as belonging 
to the widely distributed carotin or xanthophyll groups of pigments 
of the vegetable world. \.Villstatter and Escher 5 have identified the 
pigment of egg yolk as an isomer of the crystalline xanthophyll of 
green plants; and Escher 6 has shown that the principal corpus luteum 
pigment is identical with the carotin of plants. Extending this work 
*See Research Bulletin No. 9, p. 312, for statement of Co-operation with 
U. S. Dept. of Agriculture. 
1. Proc. Roy. Soc. 17, p. 253 (1869). 
2. Proc. Roy. Soc. 72, p. 165 (1903). 
3. Jour. Physiol. 7, p. 324 (1886). 
4. Sitz, Ber. d. Jen. Gessel. (1885). 
5. Zeit. f. Physiol. Chem. 76, pp. 214-225 (1912) . 
6. Zeit f. Physiol. Chem. 83, p. 198 (1913) . 
(4I5) 
2. 
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we have shown that the yellow lipochromes of the milk fat and body 
fat of cows are also composed principally of carotin, altho both have 
associated with them one or more minor xanthophyll constituents. In 
addition we have shown conclusively that these pigments originate 
from the food of the cow. They are therefore not products of animal 
synthesis but merely substances assimilated with the digestion products 
of the food and subsequently secreted in the milk fat or laid up in the 
body fat. The studies leading to these results are given in the two 
preceding papers of this series.1 
Up to this time the experimental evidence pointing to the above 
stated physiological relation between the carotin and xanthophylls of 
plants and the pigments of butter fat and body fat has been based upon 
feeding experiments in which the relation between the amount of these 
pigments in the food ·and the color of the milk fat and body fat was 
carefully studied. It was recognized however that the evidence would 
not be absolutely complete until the means of transporting the food 
pigments to the milk fat and body fat could be established. A 
close study of the yellmv lipochrome of the blood serum, in a man-
ner similar to the preceding studies of the milk fat and body fat 
pigments, naturally seemed to offer the most ready means of establish-
ing the physiological relation between the plant pigments and the lipo-
chromes of milk fat and body fat. 
The present investigation was therefore undertaken for the pur-
pose of studying the yellow lipochrome of the blood serum in 
regard to its chemical and physiological relations to the carotin and 
xanthophylls of green plants and to these pigments when found in the 
milk fat and body fat of the cow. It was believed that this investigation 
would serve the twofold purpose of establishing the connecting physi-
ological link between these plant and animal pigments and also scien-
tifically classifying the blood serum lutein of the cow which pigment 
has never been the subject of close investigation. 
METHODS OF IDENTIFICATION. 
The methods used for identifying the pigment of the blood 
serum were the same as were used in the study of the milk fat and 
body fat pigments. They consisted in the application to the isolated 
pigment of the characteristic physical and chemical properties of 
carotin and xanthophylls. These properties were the position of the 
spectroscopic absorption bands, the relative solubility toward petroleum 
ether and So to 90 per cent alcohol, and the adsorption affinity toward 
1. Also Jour. Biol. Chem. 17, No. 2, pp. 191, 211 (1914). 
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calcium carbonate. A detailed description of these properties when 
applied to both the plant carotin and xanthophylls and the pigments 
of milk fat, body fat, corpus luteum and skin secretions of the cow 
was given in the two preceding bulletins 1 of this series, and need not 
be Pepeated here. The measurements of the spectroscopic absorption 
bands of the carotin and xanthophylls which are used for comparison 
were made according to an arbitrarily fixed and standard scale. It 
may not be out of place therefore, to repeat here a table which was 
given in the paper immediately preceding this one, showing these 
standard measurements. This table is given below as Table r. The 
measurements in carbon bisulphicle solution only are given. 
TABLE No. 1.-SPECTROSCOPIO STANDARDS OF CAROTIN AND XANTHOPHYLLS. 
Pigment 
Caro tin 
Xanthophyll 
Solvent 
cs, 
cs, 
Measurements of absorption bands 
Band I i 
225-2~12 ! 
233-253 1 
! 
Band II 
261-278 
272-291 
Band III 
301-319 
312-330 
METHODS OF ISOLATION. 
The study of the blood serum lutein required considerable pre-
liminary study of methods of isolation. The amyl alcohol method of 
Krukenberg 2 was not considered suitable on account of the high boil-
ing point of the solvent. The method used by Schunck 3 seemed to be 
much better suited for the work. He precipitated the proteins from 
the serum with alcohol, and as the proteins carried down the lutein he 
was able to isolate it by extracting the precipitated proteins with boil-
ing absolute alcohol. Preliminary investigations of the blood serum 
lutein using Schunck's method showed, however, that it was applicable 
only to serum free from dissolved reel blood corpuscles. \i\Then 
hemoglobin was present it was always carried down with the protein 
and some of the red color dissolved in the subsequent alcohol extract. 
In addition, the method did not seem to be a quantitative one, some of 
the lutein invariably being found in the dilute alcoholic filtrate from 
the precipitated proteins. These investigations showed however, that 
in every case both petroleum ether and carbon bisulphide almost quanti-
1. Research Bulletins Nos. 10 and 11, Missouri Agr. Exp. Sta.; also Jour. 
Biol. Chem. 17, pp. 191, 211 (1914). 
2. Loe. cit. 
3. Loe. cit. 
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tatively extracted the yellow pigment from its alcoholic solution on 
dilution with a little water. This result at once indicated the carotin 
nature of the blood serum lutein, and this was confirmed by the experi-
ments reported below. 
The methods used for isolating the pigment in these studies varied 
somewhat in detail but 'vere all based upon a preliminary, more or 
less complete dessication of the blood serum by calcium sulphate 
(plaster of Paris). The details are given in connection with the report 
of the experiments. 
CHEMICAL IDENTIFICATION OF THE PIGMENT. 
The following experiments were conducted to show the chemical 
relation of the blood serum lutein to the carotin and xanthophylls. 
Experiment I. 
About 20 cubic centimeters of golden yellow serum from Jersey 
Cow No. 8* was mixed with plaster of Paris until almost dry, dried 
for a few minutes on the steam bath, the mass pulverized, and shaken 
'.vith successive volumes of petroleum either in an Erlenmeyer flask 
until no more color appeared in the petroleum ether. The extract was 
light yellow in color and no color \Vas extracted from the concentrated 
solution by 80 per cent alcohol. The plaster of Paris mass was now 
shaken with successive proportions of petroleum ether containing IO per 
cent absolute alcohol, until the extraction was colorless. The resulting 
extract had a deep yellow color containing many times as much pigment 
as the extract \vith petroleum ether alone. This solution, after con-
centration, was extracted with 80 per cent alcohol. Apparently no 
color was extracted. The petroleum ether solutions were combined, 
evaporated to dryness and the residue dissolved at once in carbon 
bisulphide giving a deep red-orange solution which showed 3 absorp-
tion bands, Band III being much fainter than the other two. The 
measurements of the bands are given in Table No. 2. 
Experiment II. 
Fifty cubic centimeters of the same serum was completely dessi-
cated with plaster of Paris and the pulverized mass shaken with absolute 
alcohol and ether until no more color was extracted. The ether was 
distilled off and the golden-yellow alcoholic solution saponified with 
*Note:-The serum in this case and in all subsequent cases was obtained 
by allowing the freshly drawn blood to clot in a tall cylinder or jar and 
the serum which pressed out on standing syphoned off into· glass stoppered 
bottles. 
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KOH. After dilution with water, the soap was extracted with ether. 
The ether was washed, filtered and evaporated into absolute alcohol. 
The alcohol was diluted to an 80 per cent solution and extracted with 
petroleum ether (b.p.30-50°C.) until no more color was extracted. The 
alcohol layer was left with quite a little color, but by far the greatest 
part of the color was in the petroleum ether extracts. The petroleum 
ether soluble pigment gave a deep red carbon bisulphide solution which 
showed 3 absorption bands, the third being faint. The measurements 
of the band are given in Table No. 2. 
The So per cent alcohol soluble pigment showed no clear absorp-
tion bands. 
Experiment III. 
Fifty cubic centimeters of the same serum was mixed to a thick 
paste with plaster of Paris, and the pasty mass shaken thoroughly 
with 700 c.c. of hot 95 per cent alcohol. All the color was extracted, 
a second extraction with fresh alcohol being colorless. The yellow 
extract was concentrated to roo c.c. An equal volume of IO per cent 
alcoholic potash was added and the solution boiled on the steam bath 
for one hour. No aldehyde resin pigments formed. The alkaline 
solution was diluted with 3 volumes of distilled water and extracted 
with two-thirds of its volume of ether. All the color was extracted 
by the one extraction. After washing and filtering, the golden-yellow 
extract was evaporated to dryness and the residue taken up at once 
with petroleum ether (b.p.30-50°C.) This solution was now thor-
oughly shaken with 80 per cent alcohol until no more color was. ex-
tracted. Fresh petroleum ether extracted a little color from the alco-
holic extract, which was not re-extracted by fresh So per cent alcohol. 
The blood serum lutein was now divided into a major and minor 
pigment, the major being insoluble in 80 per cent alcohol in the pres-
ence of petroleum ether and the minor being insoluble in petroleum 
ether in the presence of So per cent alcohol. 
The petroleum ether soluble pigment had a blood-red color in CSi 
solution and showed 3 absorption bands, the measurements of which 
are given in Table No. 2. 
Analyzed chromotographically it passed through CaC03 un-
adsorbed as a beautiful rose-colored area, leaving no adscrbed zones. 
The 80 per cent alcohol soluble pigment was transferred to ether 
by diluting its alcoholic-ether solution with much water, and from 
the ether to carbon bisulphide after evaporation of the former. In 
carbon bisulphide it gave an orange-yellow solution showing two 
absorption bands in the 25 m.m. cell. The measurements of the bands 
are given in Table No. 2. 
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Chromotographic analysis showed the presence of only one pig-
ment which very slowly passed through the CaC03 as a yellow zone. 
Experiment IV. 
Serum from Jersey Cow No. 2, to the amount oi 275 cubic 
centimeters, was dessicated 'Nith a little more than the calculated 
amount of plaster of Paris necess2ry to take up the water. and after 
setting over night 1.he hard mass was pulverized in a mortar. The 
powder ·was moistened with 93 per cent alcohol and shaken with 
petroleum ether (b.p.30-50°C.) until the petroleum ether ext racted 
no more color, and then with ether until that extract was colorless.1 
The petroleum ether extract was concentrated to 50 c.c. and the 
solution added to the alcohol-free ether-al.coho! extract, which had 
been concentrated to about 150 c.c. An equal volume of 4 per cent 
alcoholic potash solution was now added to the combined ethereal 
solutions, the ethers evaporated off and the alcoholic solution boiled 
on the steam bath for a few minutes. The pigment was then ex-
tracted from the alkaline alcoholic solution in the usual way and when 
in alcoholic solution was analyzed with respect to pet roleum ether 
and eighty to ninety per cent alcohol. Two pigments were thus 
obtained with proportions of perhaps 95 and 5 per cent of the total. 
The petroleum ether soluble pigment gave a red colored residue 
which dissolved instantly in carbon bisulphide with a blood-red color, 
and showed the most beautiful absorption bands yet seen for this 
pigment. Three bands were visible, the third band being considerably 
fainter than the other two bands but clear and distinct. The measure-
ments are given in Table No. 2. 
1. The mechanism of this method of obtaining the blood serum pigment 
is so interesting, its advantages so striking and its results so satisfactory, 
that it is worthy of some discussion. 
It appears that the addition of just sufficient alcohol (either absolute or 
95 per cent) to thoroughly moisten the dessicated serum liberates the main 
lutein pigment in such a way that when the moistened mass is shaken with 
petroleum ether the result is the same as if an 80 per cent to 90 per cent 
alcoholic solution of the isolated pigment is shaken with petroleum ether. 
There is the additional advantage however, that the Caso. prevents the 
formation of emulsions and holds the alcoholic solution so firmly fixed in the 
paste that the petroleum ether can be poured away and the use of a 
separatory funnel be entirely dispensed with. When all the pigment more 
soluble in petroleum ether than in 80 per cent alcohol is thus extracted, 
any pigment which remains can be readily extracted with ether which mixes 
readily with the dilute alcohol. The pigment thus extracted can be readily 
freed from alcohol by shaking with water leaving the last as well as the 
first pigment extracted, in low boiling point solvents, an additional decided 
advantage in view of the ease with which they are oxidized. It should b·e 
added however that the method for extracting the pigment more soluble in 
alcohol than in petroleum ether does not apply well for serum containing 
much haemoglobin for in this as well as all other alcohol methods the red 
pigment is somewhat soluble in the dilute alcohol. 
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Analyzed by means of a chromotogramm the solution showed 
only a wide, quickly filtering, unadsorbed, rose-colored zone. 
The 80 per cent alcohol soluble pigment was transferred to ether 
and then to carbon bisulphide, giving in the latter an orange-yellow 
solution showing one band and much end-absorption. In the chromo-
togramm it showed 2 zones close together, an upper orange zone and 
a lower canary yellow zone. The carbon bisulphide solution of the 
orange zone showed 2 absorption bands and end-absorption. The 
measurements are given in Table No. 2. 
TABLE No. 2.-SPECTROSCOPIC ABSORPTION BANDS OF BLOOD SERUM CAROTIN AND 
XANTHOPHYLLS. 
Absorption bands 
Experiment Solvent 
No. 
Carotin Xanthophylls 
1 I. 225-242 
cs, II. 263-286 
III. 305- 322 
I. 223-243 
2 cs, II. 262-285 
III. 302-325 
I. 225-242 I. 232-254 
3 CS2 I I. 263-286 II. 273-295 
III. 305-325 III. 
4 cs, I. 223-242 I. 232-252 
II. 262-286 II. 270-292 
III. 300-320 III. 310-
DISCUSSION OF EXPERIMENTS. 
It must be concluded from the above experiments that the princi-
pal lipochrome of the blood serum of the cow is identical with that 
of the milk fat, body fat, and corpus luteum, and as in the case of 
these pigments, with the carotin of green plants. 
It appears also from the above investigations that a small portion 
of the blood lutein pigment is composed of xanthophylls. It was found 
to be much more difficult to show their presence in the blood serum 
than in the body fat or butter fat. The reason for this is not perfectly 
clear but a close study of the investigations throws some light on the 
question. It will be noticed that it required complete extraction of 
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a comparatively large amount of serum with ether and subsequent 
saponification of the fat thus extracted to really demonstrate the pres-
ence of xanthophylls. It is a well-known physiological fact that the 
proportion of fat in blood serum is comparatively small.* \Vhen 
coupled with the above observations, this seems to indicate a relation 
between the xanthophylls and the fat carried by the blood. Some 
observations which will be reported later, in connection with the 
fate of the carotin and xanthophy.1ls during digestion, will furnish 
more evidence in this same direction. 
PHYSIOLOGICAL RELATION BETWEEN CAROTIN OF BLOOD SERUM 
AND FOOD OF COW. 
After establishing the chemical relation between the principal 
blood serum lipochrome and the carotin of the food, it became im-
portant to establish a similar relation from a physiological standpoint. 
Very fortunately this was recognized previous to conducting some of 
the important feeding experiments which showed the relation between 
the color of milk fat and the food of the cow, and which were re-
ported in Research Bulletin No. 10,1 Missouri Agr. Exp. Sta., the 
second bulletin in this series. It was accordingly arranged to study 
the variation in the amount of carotin and xanthophylls in the blood 
serum during portions of these feeding experiments. In this way it 
could be determined what •elation exists between the amount of carotin 
and xanthophylls in the blood serum and the amount of these pigments 
in the milk fat, as well as the relation between the amount of carotin 
and xanthophylls in the serum and amount of these pigments in 
the food. Such a study required the devising of some method of 
analysis whereby the color of the various blood serums could be com-
pared with each other and also with the color of the butter fat. 
The following method was adopted. 
In the case of live cows whose blood was to be tested, a trocar 
was inserted in the jugular viein and 200 to 250 c. cm. of blood drawn 
off into a glass cylinder. As soon as the blood had clotted and sl,lf-
ficient serum had pressed out, two IO cc. portions were pipetted off 
and carefully dessicated with an excess of plaster of Paris. The 
pO\vdered mass was moistened with absolute alcohol, and the color 
extracted immediately by shaking with the selected solvent until color-
less. For one sample the solvent was ether and for the other sample 
the solvent was petroleum ether. In all the studies the petroleum 
*Note:-Hammerstein gives .1 to .7%. 
1. Also Jour. Biol. Chem. 17, p. 19r (1914). 
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ether extract proved to be the easiest to handle as it was practically 
free from water. The extract it'. each case was carefully evaporated 
to a volume of I to 2 cubic centimeters and then made up to 120 
cubic centimeters with absolute alcohol, this volume being just suf-
ficient to fill the one-inch cell of the Lovibond Tintometer. The 
solutions were analyzed at once in the Tintometer and their color 
readings recorded. Duplicate determinations were thus obtained. 
This was considered necessary since the method was not free from 
·error due to possible bleaching of the extracted pigments. The entire 
procedure was carried out as quickly as possible. The results of the 
duplicate determinations were averaged. 
The first series of observations of the color of the milk fat and 
blood serum corresponding to various pigmented rations was mad{; 
with Ayrshire cow No. 3or. These feeding experiments and the result-
ing variation in the color of the milk fat were shown in . detail in 
Tables 12, 13 and 14 of the preceding bulletin dealing with the milk 
fat pigment. The relation between the character of the ration, an<l 
the color of the milk fat and blood serum at stated interv.als during 
the feeding experiments is shown in Table No. 3, below . . 
TABLE No. 3.-THE RELATION OF THE CHARACTER OF THE RATION TO THE COLOR 
OF THE MILK FAT AND BLOOD SERUM. 
AYRSHIRE Cow No. 301. 
Butterfat Serum 
Date of Feed of cow 
sample. 
Yellow Red Yellow Red 
1913 
Jan. 7 Cottonseed meal and cotton-
seed hulls only ....... . .... 1. 3 0.4 3 .3 0.5 
Jan. 24 Cottonseed hulls, timothy hay 
and white corn ....... .. . . 1. 2 0.4 2.6 1.1 
F eb. 7 Timothy hay, cottonseed 
hulls, cottonseed meal a nd 
yellow corn . . . .. . .... .... 2.0 0 . 5 4 . 9 1.2 
Mar. 1 Timothy hay, cottonseed 
hulls, cottonseed meal, 
yellow corn, and 20 lbs. 
carrots per day ...... . ... . 24.0 1. 3 54 . 0 1.8 Mar. 6 Timothy hay, cottonseed 
hulls, cottonseed meal, y el-
low corn, and 20 lbs. car -
rots per day . .. .. .. .. ..... 24 . 0 1.4 47 . 0 1.5 Mar. 27 Timot hy hay, cottonseed 
hulls, cottonseed meal, a nd 
yellow corn ...... . . . . . . . . 7 . 0 1. 0 26 . 0 0.7 
3 
424 MISSOURI AGRICULTURAL EXP. STA. RESEARCH BULLETIN NO. I2 
The above table shows in a very striking manner that the amount 
of carotin in the blood serum of the lactating cow, as well as the 
amount of carotin and xanthophylls in the milk fat, is dependent upon 
the ration. The figures in the table also show very clearly why the 
butter fat in the first two cases was not absolutely colorless. These 
two samples were taken at the end of a long-continued feeding of 
a ration almost entirely lacking in carotin and xanthophylls, which 
was planned for the purpose of eliminating as far as possible the 
color from the milk fat. It is evident that this was not accomplished 
in the strictest sense of the word because the blood serum in both 
cases still contained a small amount of carotin. 
The results of these studies were so striking that it was con-
sidered advisable to confirm them if possible with other animals. 
\A/ e fortunately had at hand, 6 cows of 3 different breeds, all pure 
bred animals, which were in ideal condition for such an experiment. 
They had all just completed an experiment in which their feed for 
I2 to I4 weeks had been essentially a non-pigmented one, being made 
up of cottonseed meal, corn stover and very light-colored timothy 
hay. A night and morning milking of each cow was combined 
and after determining the percentage of fat in the combined sample 1 
the milk was separated, the cream churned, and the color of the 
rendered butter fat observed in the Tintometer. The same day, sam-
ples of blood were drawn from each animal and the color of the 
serum determined by the method described above. The feed of the 
cows was now changed so that it was largely made up of alfalfa 
hay, rich in carotin and xanthophylls, and later a little fresh green 
pasture grass. Thirty days after the cows had been on this feed 
the first experiment was repeated and the color of the butter fat 
and blood serum again observed. The results of this experiment 
are given in Table No. 4. 
1. The weight of the combined sample was also recorded. 
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TABLE No. 4.-RELATION BETWEEN CHARACTER OF RATION .A.ND A MOUNT OF 
PIGMENT IN MILK FAT .A.ND BLOOD SERU:!iI. 
Butterfat Serum 
Cow Breed Date Grams 
No. fat. 
Yellow Red Yellow Red 
213 Holstein 3-11-13 122 8. 5 1.4 6 . 0 0.7 
213 Holstein 4-10-13 135 54 . 0 1.8 48 . 0 1.1 
220 Holstein 3-11-13 167 3 . 0 0 . 7 7 . 0 0.8 
220 Holstein 4-10-13 208 
- I 22 . 0 1. 2 41.0 1.0 
303 !Ayrshire 3-11-13 213 2.5 0 . 6 11. 0 0.9 
303 Ayrshire 4-10-13 263 16 . 0 1.1 40 .0 1.0 
16 Jersey 3-11-13 304 11. 0 1. 7 10 . 0 0.9 
16 Jersey 4-10-13 363 64 . 0 2.0 45 . 0 1.1 
57 Jersey 3-11-13 240 5 . 2 1. 2 13 .0 1.1 
57 Jersey 4-10...;13 263 54 . 0 1. 7 57. 0 1.8 
64 IJersey 3-11-13 281 4 . 7 1. 5 7. 5 0.7 
64 !Jersey 4-10-13 350 47 . 0 1.6 45 .0 1.0 
The results of this experiment are as striking and conclusive 
as in the experiment with Cow No. 30I , and show that there is a 
direct relation between the amount of carotin in the food and the 
amount of lutein in the blood serum, just as there is a direct relation 
between the presence of an excess of carotin in the food and the 
production of a high-colored butter fat. It is necessarily true also 
that there is a direct relation between the color of the butter fat 
and the amount of lutein in the blood serum. A small amount of 
lutein in the blood serum will always mean a light-colored butter fat. 
It does not appear to be necessarily true, however, that a high-colored 
serum will be accompanied by a high-colored butter fat. T he only 
conclusion in this connection that can be drawn from the data of Tables 
3 and 4 is that an increase in the color of the blood is accompanied by 
an increase in the color of the fat. The actual color of the fat under 
these conditions is apparently dependent upon a number of conditions 
which are not explained by this data. The amount of fat being 
produced and the breed of the animal are both factors which probably 
influence the color of the fat. There is certainly a wider difference 
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between the color readings of the butter fats than between the color 
readings of the blood serum extracts during the second part of the 
experiment whose dafa are given in Table No. 4. 
It is possible that this difference may be explained on the ground 
that the albumin content of the milk is in some way closely related 
to the color of the milk fat. At any rate the data given in the 
following table admit of such interpretation. The conditions of 
the animal preceding the data were as follows: Cow No. 3or had 
been subjected to severe underfeeding, i. e., she received only about 
70 per cent of the food. required to produce her milk and maintain 
her body weight. The food she received during this time was com-
posed of about 5 pounds of a mixture of corn, bran and linseed meal, 
and about 7 pounds of alfalfa hay, a ration moderately rich in carotin. 
Her ration was then changed to one practically free from carotin, 
consisting of white corn, cottonseed meal and bleached alfalfa hay. 
The cow was brought back to a normal plane of nutrition on this 
ration. The immediate effect on the composition of the milk and 
the color of the milk fat is shown in Table 5. The subsequent 
effect upon the color of the milk fat is given in Table No. r 5 of 
the preceding Bulletin of this series which dealt with the milk fat 
pigment. 
TABLE No. 5 .-A POSSIBLE RELATION BETWEEN THE ALBUMIN OF MILK .A.ND THE 
COLOR OF THE MILK FAT. 
AYRSHIRE Cow No. 301. 
[Milk fatJ Total Casein 
Date Hay Grain per day protein 
1912 Lbs. Lbs. Grams Grams Grams 
9-23-24 7 .Ua) / 4 . 9 254 209 138 9-25-26 8.l (b) 4 . 9 249 203 134 
9-27-28 11.0 I 6 . 0 262 222 138 9-29-30 14.0 7 .0 272 230 135 
10- 1-2 14 . 5 7.5 267 237 132 
10-3-4 9 .s I 8.0 276 220 139 
{a) Alfalfa hay, rich in carotin. 
(b) Bleached alfalfa hay, free from carotin. 
(c) Calculated. 
Albu- :color of fat 
min I 
Grams I Yellow Red (c) 
I 
------
37 15 1.8 
36 15 1.8 
47 19 1.8 
57 21 1. 7 
67 28 1.8 
46 20 1. 7 
The data in Table No. 5 shows that although the conditions of 
feed were such that a decline in color would be expected, the reverse 
was found. The point to be emphasized is that the sharp incriease 
in the color of the milk fat was coincident with an increase in the 
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albumin content of the milk. The result points to the probabilit) 
of a relation between the higher color and the increase in albumin. 
Additional evidence pointing to the same relation is the presence of 
extremely high color along with a very abnormal amount of albumin 
in colostrum milk, as pointed out later in this paper. 
An attempt was made to determine if any definite relation 
exists between the albumin and color as found in the milk of 
various individuals. The milk of I2 cows represei1ting the Jersey, 
Holstein and Ayrshire breeds was used. The feed received was 
pasture grass and some grain. The color of the milk fat and the 
percentage of albumin were determined for each animal. The results 
of the study are given in Table No. 6. 
TABLE No. 6.-R~~LATION BETWEEN THE ALBUMIN CONTENT OF MILK AND THE 
COLOR OF MILK FAT, UNDER NORll!AL CONDITIONS. 
Pounds Grams Grams Grams Color of fat. 
Breed Cow No. milk protein albumin fat 
per per day per day per day 
day Yellow Red 
J. 14 18.4 311. 0 24.45 459.0 64.0 2.7 J. 64 12.9 254.0 22.65 380.2 64.0 2.8 J. 57 10.8 202 .0 22.02 267.0 64 .0 3.0 A. 303 20.2 310.0 33.20 363.5 50 .0 1. 7 H. 221 15.1 270 .0 27 .05 257 .0 . 43 .0 1.8 H. 222 14.5 233. 8 20. 12 202.5 33.0 1. 3 J. 16 20.8 339.0 35.75 414.0 64.0 3.1 J. 317 13.0 234.5 41.00 259 .0 80 .0 3 .5 H. 225 13.3 200.0 22.35 150.9 47.0 1.8 H. 220 16.3 525.0 35 .17 192.5 24.0 1. 7 A. 301 18.7 282.5 39.00 273 .0 54 .0 2.0 H. 213 11.4 161. 5 19.05 144.2 64.0 2.7 
"J." stands for Jersey, "H." for Holstein, "A." for Ayrshire. 
There appears to have been no relation between the albumin of 
the milk and the color of the milk fat of these animals. It is not 
considered however, that these results are conclusive either as prov-
ing or disproving the supposition that such a relation exists. Our 
knowledge of the subject is too limited at present to enable us to 
control all the factors that enter into the question. 
THE TRANSPORTATION OF CAROTIN AND XANTHOPHYLLS BY THE 
BLOOD SERUM. 
When it had been shown conclusively that the lutein of the 
blood serum of the cow is composed of the carotin and xanthophyll 
pigments of the food, taken up along the digestive tract and transmitted 
by means · of the blood to the fat synthesizing cells of the m:ilk glands 
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and body tissue, it became a matter of considerable importance to 
ascertain how the blood carries these pigments through the body. 
It has already been shown that there is a strong possibility that the 
minor constituent of the pigment, i.e., the xanthophylls, are carried 
in the serum dissolved in the fat. vVhen considering such physiological 
phenomena as the great volume of blood in circulation in an animal 
as large as the cow and the rapidity with which it circulates, it 
vvould seem very probable that even the very small percentage of 
fat in the blood is sufficient to account for all the pigment, both 
carotin and xanthophylls, which is presented to the milk glands and 
body cells. On the other hand, when one considers the very large 
proportion of carotin which is present in any given quantity of blood 
serum of a cow receiving a ration rich in carotin, it must be concluded 
that the fat plays little if any part in the transportation of this 
pigment. The studies that are to be presented will, therefore, consider 
only the carotin of the blood serum, since it is this pigment that com-
prises by far the greatest proportion of the lutein of the serum. 
It might be considered that the carotin is carried by the serum 
merely in simple solution. In fact, Thuclichum 1 stated that the lutein 
of the blood is in solution in the serum. This seems to be very 
probable especially in view of the fact that Krukenberg 2 found that 
it could be extracted from the serum by means of amyl alcohol. 
Many facts can be presented, however, that go to show that 
the carotin does not exist in the serum in simple solution. In the 
first place neither carotin from plants nor the carotin of the serum 
itself are, \vhen isolated, taken up to any extent when treated with 
the pure blood serum. Blood serum almost free from carotin from 
natural causes, showed no indication of having taken up the carotin 
in either case when poured over the pure amorphus pigments; and the 
serum itself showed no increase in the amount of color that could be 
extracted by petroleum ether after dessication with plaster of Paris 
and moistening with alcohol. 
In addition to the above the following observations were made: 3 
I. Five c.c. portions were shaken vigorously with equal volumes 
of petroleum ether, ether, CS2 and amyl alcohol respectively. All 
extracts were colorless except in the case of the amyl alcohol which 
was golden-yellow, and showed the carotin absorption bands both 
1. Loe. cit. 
2. Loe. cit. 
3. Except where stated most of work about to be reported was done 
with a gQlden-yellow, high-colored serum from Ayrshire cow No. 301. The 
serum was obtained from this cow by drawing 250 c.c. of blood frQm the jugular vein and allowing it to clot and the serum to press out. The serum 
was free from red corpuscles. 
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in carbon bisulphide and alcohol, the solution in the first solvent 
shovving three distinct bands. This shows that the lipochrome which 
Krukenberg extracted from ox serum was the pigment which we 
have iclentifi.ed as carotin. On addition of alcohol to the other mixtures 
the solvents in each case completely extracted the pigment on shaking. 
2. Five c.c. portions were dessicated with plaster of Paris and 
shaken with ether, petroleum ether, and carbon bisulphide, respectively. 
A mere trace of color was extracted in each case. ·when a little 
absolute alcohol was added hmvever, in all cases the solvents became 
well colored. 
3. Five c.c. of serum was diluted with twenty volumes of water, 
without causing any precipitation of the pigment. 
4. Twenty-five c.c. of serum was treated with successive por-
tions of saturated ( NH4 ) 2 S04 solution to the following per cent 
saturatiOns: 28-35, 36-40, 45-46, and finally to one-half saturation. The 
fractionally precipitated globulins were in every case practically free 
from carotin, and the half saturated globulin free serum was golden-
yellow. The color was entirely precipitated from a portion of this 
solution on complete saturation with ( NH,L S04 • The remainder 
was acidified with a few drops of I 1h per cent acetic acid and heated 
to about 80°C. The coagulated albumins carried down only a small 
part of the color. The entire pigment was precipitated from the 
filtrate, however, on complete saturation with (NH.) 2 S0.1 in sub-
stance, the light precipitate which came down being deep yellaw in 
color. This deep yellow precipitate was readily soluble in water 
giving a clear yellow aqueous solution from which neither ether nor 
petroleum ether would extract any color until the protein in the solu-
tion had first been coagulated with alcohol. 
5. Five c.c. of serum was diluted to 25 c.c. with distilled water 
and the solution saturated with Mg S04 in substance. The globulins 
were filtered off. The filtrate was golden-yellow. Acetic acid was added 
to a concentration of I per cent. The precipitated albumins were 
bright yellow, leaving the solution colorless. Petroleum ether and 
carbon bisulphide extracted a slight amount of color from this pre-
cipitate on long contact. After the addition of a little alcohol, how-
ever, both solvents readily extracted the color. 
6. One hundred c.c. of serum from Jersey Cow No. 25 was 
diluted with several volumes of water, a pinch of NaCl and a few 
drops of glacial acetic acid added and the solution heated quickly to a 
temperature just below the boiling point. The coagulum which formed 
contained a very little pigment but the filtrate was golden-yellow. No 
color could be extracted from the filtrate by carbon bisulphide, or by 
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ether, even after making strongly· alkaline with potassium hydroxide. 
Amyl alcohol extracted the pigment. 
7. Experiment 6 repeated on 200 c.c. of the same serum gave the 
same result. The entire pigment in the golden-yellow filtrate was 
coagulated by boiling. The coagulum vvas not soluble in water. 
8. Fifty c.c. of serum (Cow No. 2) was diluted to 350 c.c. with 
water, a pinch of salt added and the solution heated on the steam 
bath, with stirring until cloudiness appeared. On adding a few drops 
of glacial acetic acid, a sharp coagulation took place. On filtering, 
the filtrate was bright yellow in color. On saturation of the filtrate 
with (NH4 ) 2 S04 in substance, a comparatively small ami)unt of deep 
yellO\v precipitate was thrown down leaving a colorless supernatant 
solution. The yellow precipitate, which was contaminated with a little 
(NH4 ) 2 S04 , was readily soluble in water, giving a perfectly clear 
yellow solution from which the yellow color was again entirely thrown 
down on saturation with ( NHJ 2 SO 4 in substance, or on the addition 
of mercuric nitrate. The latter precipitate when still moist would not 
give up its color to petroleum ether until first moistened with absolute 
alcohol. The bright ydlow pigment now found in the petroleum ether 
gave a red-orange CS2 solution which showed the three carotin 
absorption bands. 
9. Two 350 c.c. portions of serum (Jersey Cow No. 2) were 
treated respectively as follows: 
Portion A was treated with (NH4 ) 2 S04 in substance to one half 
saturation, according to the formula 
VC2 
X= 
Where \T = original volume of protein solution. 
C = desired saturation as grams in ro c..c. 
X = grams to be added to give the required 
saturation. 
The globulins which precipitated carried down some of the pig-
ment, but on dissolving them in 150 c.c. of warm water containing some 
(NH4 ) 2 S04 , and adding (NH4 ) 2 S04 to half saturation, they were 
thrown down practically colorless. The yellow filtrate from this pre-
cipitation was added to the other globulin-free filtrate and. the com-
bined solutions diluted to I500 c.c. with distilled water. This solution 
was now raised to a temperature of 75°C in a water bath. IS c.c. of 
rlh per cent acetic acid added and the temperature raised to 80°C, 
when a sharp coagulation occurred. The solution was filtered, giving a 
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perfectly clear bright yellow filtrate. It was saturated with (NHJ 2 
so4 in substance, throwing down a small amount of deep yellow 
precipitate. The precipitate was filtered off on a large ( II-inch) 
Buchner funnel, using suction, so that the layer of yellow protein 
would be as free as possible from occluded (NH,): SO 4 • The golden-
yellow precipitate was sucked as dry as possible on the funnel arid the 
sticky mass covering the paper in very thin layer dissolved in warm 
water, in which it was readily soluble, and the clear yellow solution 
set aside. 
Portion B was diluted with an equal volume of distilled water, 
a little sodium chloride added, and the solution raised to a temperature 
of 75°C. in a water bath. Acetic acid was now added carefully until 
a heavy definite coagulation took place. The coagulated proteins car-
ried down some of the pigment but by far the greatest part was in the 
clear yellow filtrate. This filtrate was saturated with (NHJ" SO, 
in substance and the precipitated pigmented protein filteretl off in the 
same way as in the case of portion A . After being made comparat ively 
dry by suction, the deep yellow residue was readily soluble in a small 
amount of cold distilled water. 
The two similar solutions from A and B were now combined and 
filtered on a small Buchner funnel through sev,eral layers of fine paper 
to free it from dirt and other foreign matter introduced by the (NH 1 ) 2 
SO,. The golden-brownish-yellow filtrate of about 250 c.c. volume 
had a faint cloudiness when viewed by transmitted light and contained 
some (NH,) 2 SO,. That the pigment of this solution was carotin was 
shown by the fact that when an equal volume of alcohol was added to 
15 c.c. of the solution and the mixture was shaken with petroleum 
ether, the petroleum ether rose to the top as a golden-yellow solution, 
leaving the lower cloudy alcoholic layer colorless. The pigment in 
the petroleum ether layer gave a red-orange carbon bisulphide solution, 
and in this solvent showed the usual carotin absorption bands. 
The aqueous solution was now dialysed in a parchment bag 
against running water for eight days. At the end of this time the 
solution was still giving a precipitate with barium chloride indicating 
that the solution was not free from (NH ,.) 2 SO,. No protein crystal-
lization had occurred, but decomposition had begun, for the solution 
was cloudy, and showed a very fine coagulation. This coagnlum was 
filtered off. It had a dirty brown color and when almost dry was quite 
sticky. It was not soluble in water , but both in the dry state and in 
suspension in water it gave up a golden-yellow color to ether, leaving 
the precipitate dirty white in color. The extracted pigment showed 
the three absorption bands of carotin in carbon bisulphide solution. 
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In the solid state the pigment was insoluble in absolute alcohol but 
readily soluble in petroleum ether--absolute alcohol, from which the 
petroleum ether readily extracted it on dilution with a little water. 
The solid pigment was also very difficultly soluble in alcoholic potash. 
After saponification for one half hour and extraction by ether, the 
pigment, in the solid state, \\'as fused with a little solid sodium 
hydroxide and potassium nitrate in a porcelain crucible. The flux was 
dissolved in hot water and the solution evaporated to dryness on the 
steam bath in the presence of an excess of c. p. HN03 • As much as 
possible of the residue was dissolved in hot water containing some c. 
p. HN03 , the solution filtered and an equal volume of pure molybdate 
solution added to the roo c.c. of filtrate. On digestion nt 60°C, for 
several hours there was a distinct yellO\v precipitate of ammonium 
phosphomolybdate. 
Returning to the slightly cloudy hut ye1low aqueous filtrate from 
the dialysed solution, we found that the color could be entirely thrown 
down; (I) by acid lead acetate as a light yellow precipitate which 
bleached almost entirely in 12 hours, but from which petroleum ether 
extracted a faint yellow color after soaking in alcohol for about one 
hour ; ( 2) by nitric acid mercuric nitrate solution as a bright yellow 
precipitate which was very stable and gave up its color to petroleum 
ether only after soaking in alcohol; 1 (3) by neutral ten per cent solu-
tion of AgN03 as a deep yellow precipitate which was stable although 
darkening badly as the AgN03 oxidized in the light, but readily giving 
up its color to petroleum ether on addition of alcohol to the precipitate, 
the pigment thus extracted shmving the carotin bands in CS2 solution; 
(4) on saturation with (NH4 ) 2 S04 in substance as a <leep yellow 
precipitate which \Vas not soluble in water but when suspended in water 
gave up its color to petroleum ether only after the addition of abso-
lute alcohol ; ( 5) on addition of an excess of alcohol as a yellow pre-
cipitate which when dry gave up no color to petroleum ether alone, 
but to alcoholic petroleum ether gave up a yellow pigment which was 
quantitatively found in the petroleum ether on separation of the alco-
hol with a little water; ( 6) on heating the neutral solution to boiling 
as a yellow coagulum insoluble in water and giving up no color to hot 
alcohol or petroleum ether. 
In addition to the above observations the following may be men-
tioned. In working with a large number of samples of blood serum 
1. The pigment thus extracted showed the three carotin abso·rption bands 
in carbon bisulphide solution; in alcoholic solution it gave a pronounced 
precipitate of digitonin-cholesteride on addition of hot one per cent digitonin 
solution in ninety per cent alcohol. 
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it was often noticed that when the serum had stood for some time 
in a closed bottle in contact with a little supernatant air, an orange-
yellow scum always came to the top. This was found to be a water 
insoluble protein which would not give up any color to petroleum 
ether when its aqueous suspension was shaken with that solvent, but 
when an equal volume of absolute alcohol was added and the shaking 
with petroleum ether repeated, the latter solvent rose to the top as a 
beautiful yellow layer. The pigment thus extracted gave a red-orange 
carbon bisulphide solution showing the three carotin absorption bands. 
In order to show more conclusivdy the character of the protein 
with which the serum carotin is evidently combined, the coagulation 
temperature of the protein was determined. For this purpose I 50 c.c. 
of serum was diluted with an equal volume of a saturated solution of 
ammonium sulphate. After filtering off the precipitated globulins, por-
tions of the globulin-free filtrate were submitted to fractional coagu-
lation. It was found that on carefully elevating the temperature to 
8o 0 C. and holding it at that temperature for a short time, the filtrate 
from the coagulated albumins still yielded a large amount of carotin on 
addition of alcohol and shaking with petroleum ether. On the other 
hand the coagulated albumins yielded a comparatively small amonnt 
of carotin. A similar result was obtained at temperature:;; of 8r 0 , 82°, 
83°, 84°, 85°, and 85.5° C., although the amount of carotin in the 
filtrate rapidly decreased with the increase in coagulation temperature. 
At 86° C., however, the pigmented protein had completely coagulated, 
and the filtrate yielded no carotin on treatment with 3lcohol and 
petroleum ether. The coagulation temperature limits of the pigment 
carrying protein therefore lie between 80° and 86° C., when the pro-
tein is in half saturated ammonium sulphate solution. There i!3 no 
marked coagulation at the lower temperature, but it is completely 
coagulated at the upper temperature. 
The coagulation temperature of the protein which carries the 
carotin in the blood was studied further with an aqueous solution of 
the protein obtained in a manner similar to the one used in obtaining 
the protein for the study previously reported. Briefly, an equal volume 
of saturated ( NH4 ) 2 SO 4 solution was added to 200 cubic centimeters 
of blood, rich in carotin, from Holstein Cow No. 22r. The globulins 
were filtered off and the golden-yellow filtrate heated carefully in a 
water bath to a temperature of 79 ° C. The coagulated proteins were 
filtered off. The yellow filtrate was saturated with (NH4 ) 2 S04 
in substance and let stand several hours. The golden-yellow pre-
cipitate was filtered off on a Buchner funnel. After allowing to suck 
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quite dry, all crystals of ( NH4 ) 2 SO 4 were removed with a spatula 
and the protein dissolv,ed in about 75 cubic centimeters of ·water, in 
which it was readily soluble. This deep yellow solution was neutrd 
in reaction. It contained a small amount of (NHJ~ SO,, the amount 
of which was determined quantitatively. (NH4 ) 2 S04 was added 
to a portion of this solution to bring the concentration up to a nom1al 
solution. An equal volume of saturated (NH1 ) 2 SO.( solution was 
added to the remainder, giving a solution between 3 and 4 normal and 
one similar to the one whose coagulation temperature was cbserved 
above. The coagulation temperature of the pigmented protein of these 
two solutions was carefuIIy studied. Both solutions were found to 
contain a small amount of colorless protein which coagulated between 
65° and 75° C. This was filtered off, the filtrate retaining its original 
yeIIow color. This filtrate was then studied further. 
The 3-4 normal or one half saturated (NH.1 ) 2 S04 solution acted 
in a manner identical with the solution whose study is recorded above. 
The first opalescence appeared between 79° and 80° C., and complete 
coagulation did not take place until the temperature was raised to 
86° c. 
It was not found possible to cause a clear coagulation of the 
pigmented protein in the neutral normal solution of (NH4)~ S04 even 
"vhen the temperature was raised to 90° C. Opalescence began, how-
ever, between 82° and 82.5° C. Coagulation was readily obtained 
when the solution was heated to 89° C. in the presence of a very little 
HCl. (3 drops of a 0 normal HCl solution were added to ro c. c. of 
solution. ) 
The large amount of evidence which has now been submitted in 
regard to the transportation of the carotin in the blood serum will 
justify but one conclusion, namely that the carotin exists in the blood 
in conjugation with one of the proteins. The evidence will also justify 
the conclusion that the protein \vith which the carotin is combined is 
an albumin. 
Summarizing the evidence, we have shown that the carotin car-
rying protein is precipitated from its solution in the serum or from its 
aqueous solution, on complete saturation only with ammonium sulphate, 
or by saturation with magnesium sulphate only in one per cent acetic 
acid solution, or by heating its half saturated ammonium sulphate 
solution to 86° C.; the protein may also be coagulated by alcohol, or 
by boilding its solution in the presence of acetic acid. As in all salting 
out methods for the precipitation of proteins, the pigmented protein 
is readily soluble in water after being thrown down by ammonium 
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sulphate, but is no longer soluble in water after being coagulated by 
heat or alcohol.1 The protein is not coagnlated by saturation of its 
solution with sodium chloride. 
Not very much can be said in regard to the character of the 
combination of the carotin with the albumin The combination is evi-
dently a firm one, and is broken down only in the presence of alcohol 
so that the pigment can be extracted by ether or petroleum ether. The 
union is also broken down by dialysis, or at least rendered less firm, 
but is not broken down when the protein is precipitated as a lead, silver 
or mercury salt. It is interesting to notice that cholesterol and a phos-
phorus-containing body (probably lecithin) are mixed up in some way 
in the combination of albumin and carotin, the liberated carotin from 
the dialysed pigmented albumin yielding both cholesterol and phospho-
rus. We propose the name caroto-albumin or luteo-albumin for the 
chrome-protein which transmits the carotin from the food to the milk 
glands and fat synthesizing body cells of the cow. 
The finding of this highly unsaturated hydrocarbon carotin pig-
ment in combination with one of the albumins of the blood, probably 
similar to the combination of the haematin in the haemoglobin of the 
red blood corpuscles, at once raises some important questions as to 
a possible physiological significance which might be attached to the 
pr-esence of the pigment. One can only suggest that like the haemo-
globin the luteo-albumin may be of importance in r.onnection with the 
oxygen supply of the body. This is not probable. The ease with which 
the carotin is increased and decreased in the blood serum as shown by 
the feeding experiments, seems to preclud.e the possibility of the 
carotin being absolutely essential to the life of the cow. 
A STUDY OF THE HIGH COLOR OF COLOSTRUM MILK FAT. 
Considerable data was given in the preceding Bulletin of this series, 
which showed that colostrum milk fat from all breeds of cows is 
characterized by a very high content of carotin. In view of the results 
obtained in the study of the pigm·ent of the blood serum, it seemed 
very probable that this interesting phenomenon was due to a great 
accumulation of the carotin in the blood serum just previous to par-
turition. In order to obtain some definite experimental evidence in 
support of this supposition, blood was drawn from the jugular vein of 
a pure bred Jersey cow (No. 23), when she was dry and three days 
previous to parturition. The amount of color in IO c.c. of the blood 
1. After standing a short time under the alcohol. 
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·was determined in the manner previously described. Thirty days 
after calving the blood was tested again. The color of the milk fat 
was determined at this time also. The color of the blood serum of 
another Jersey cow was determined at another time twelve hours 
previous to the time it was judged she would give birth to a calf. The 
data obtained in the two ,experiments are given in Table 7. 
TABLE No. 7.-RELATION OF BLOOD SERtnI COLOR TO COLOR 01'' COLOSTRUM 
MILK FAT. 
Color of Color of 
serum fat. 
Remarks. 
Yellow I Red Yellow I Red I ' 
Three days before .. (Jersey partunt1on 
Cow No. 23.) ..... . . .. . .......... . . 42 .0 0.8 
Thirty days after parturition CJ ersey 
Cow No. 23.) .................... .. 50 . 0 2.0 64 . 0 1.8 
Twelve hours before parturition CJ ersey 
Cow No. 2.) . .... .... ...... .. ... ... 29.0 0 . 2 
It is readily seen that another explanation must be sought for 
the high color of colostrum milk fat, other than an accumulation of 
carotin in the blood. No doubt a certain amount of storing up of 
carotin does occur if a cow is dry previous to parturition and the 
serum is low in color at the time of drying up, it being supposed 
of course that the food contains a plentiful supply of carotin. The 
data presented in Table 7, when coupled with the data in Tables 3 
and 4, show v,ery clearly that under normal conditions the amount 
of pigment carried by the serum does not exceed a certain maximum 
point that appears to be practically the same for all cows, regardless 
of breed. This is not abnormal when it is considered that the carotin 
of the blood serum is in combination with a protein which no doubt 
comprises a more or less constant proportion of the blood. 
This result forces us to the same conclusion reached in connection 
with the study of the physiological relation between food, blood serum 
and milk fat carotin, namely that other factors, among which may 
be the composition of the milk, must be taken into consideration in 
e:Kplaining the pigmentation of milk fat. In the case of the high 
color of colostrum milk, some facts stand out that seem to have a 
special bearing upon the phenomenon. For instance it is a well-known 
fact that the milk drawn for the first few days after parturition has 
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a very abnormal composition which is characterized by a very low 
fat percentage and a very high protein content, the largest proportion 
of which is albumin. Unpublished data are at hand which show a 
composition of some colostrum milks of r.3 per cent fat and over 4.5 
per cent albumin. When it is considered that the carotin is carried 
by the blood in combination with an albumin, and when it is also 
tafoen into account that the source of the lactalbumin is undoubtedly, 
at least partially, the serum albumin, a most plausible explanation 
of the high color of colstrum milk fat is at once apparent. It is also 
apparent that this high color will continue until the milk has reached 
a normal composition or until the blood supply is depleted. That 
this will occur regardless of breed is also readily explained since data 
show that the maximum color of the blood serum does not materially 
differ with different breeds. 
DISCUSSION OF RESULTS. 
The results of the for·egoing studies in regard to the yellow 
lipochrome of the blood serum of the cow do not require any extended 
discussion. Following the interesting discoveries set forth in the 
preceding papers in regard to the nature of the pigments of milk 
fat and body fat and their simple physiological relation to the carotin 
and xanthophylls of the food which the cow receives, it was not sur-
prising to find that the hitherto practically unknown lipochrome of 
the blood serum of the same animal is also chiefly carotin and bears 
the same relation to the food as the milk fat carotin. vV e are thus 
able to establish the connecting link between the food carotin and 
the carotin of the milk fat, body, fat carotin, corpus luteum, etc., of 
the cow. 
One of the most important results of this study was the dis-
covery that the carotin is not transmitted to the milk glands and body 
cell from the food by means of simple solution in the blood serum, 
but is on the other hand carried through the body in combination 
with an albumin of the serum.1 This fact is undoubtedly of con-
siderable importance in connection with the entire phenomenon of 
the pigmentation of the milk fat. It may be safely predicted that 
all the factors which surround this phenomenon are in some way 
dependent upon this fact, and all these factors will not be known until 
it is clearly understood what part this caroto- (or luteo-) albumin 
1. Incidentally this discovery has resulted in the addition of a new 
chromoprotein to the list of conjugated proteins. This is itself of consider-
able physiological interest. 
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plays in the formation of the milk fat. The same holds true for the 
body fat. 
The readily demonstrated fact that the withdrawal of carotin 
from the food results in a marked decrease in the color of the milk 
fat being secreted or in the body fat being formed, shows that the 
albumin which carries the carotin in the blood serum does play a 
definite part in the formation of both milk fat 1 and body fat and no 
doubt also in the formation of the corpus luteum. 
The whole phenomenon offiers many difficult and interesting prob-
lems for future study. Many of these when solved will undoubtedly 
throw light upon the chemistry of the mechanism of milk secretion. 
SUMMARY. 
I. The well-known lipochrome of the blood s·erum of the cow is, 
like the lipochrome of the milk fat, body fat, etc., of the same animal, 
composed principally of carotin, the widespread hydrocarbon pigment 
of plants. Associated in small quantity with the carotin of the serum, 
probably dissolved in the fat of the blood, are one or more xanthophyll 
pigments, which are always found in more or less variable quantities 
associated with the carotin of plants. 
2. The carotin and xanthophylls of the blood serum are derived 
from the food and furnish the normal source for these pigments in 
the milk fat and body fat, etc. A variation in the quantity of these 
pigments in the food results in a corresponding variation in the amount 
found in the blood serum and milk fat. Body fat formed during this 
time will be also affected. 
3. The carotin is carried by the blood serum in combination with 
an albumin. The combination is a very firm one. Lecithin and cho-
lesterol are probably a part of the combination. We propose the name 
caroto-albumin for this new chromo-protein of the blood. 
4. The caroto-albumin of the blood serum of the cow is probably 
of importance in the formation of the milk fat, body fat and corpus 
luteum of the cow. It is doubtful if this new pigmented protein is 
of importance in the oxygen respiration of the body. 
5. The lactalbumin of cows' milk may, among other factors, 
be related to the color of the milk fat. There appears to be a special 
relation here in connection with the high color and the high albumin 
content of colostrum milk. 
1. The presence of both cholesterol and lecithin in the caroto-albumin may 
explain the origin of these lipoids, as well as carotin in butter fat. 
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B. CAROTIN AND XANTHOPHYLLS DURING DIGESTION 
The establishment by us 1 of both a chemical and physiological 
relation between the carotin and xanthophylls of plants and the yellow 
lipochromes of the milk fat, body fat, blood serum and corpus luteum 
of the cow has shown that it is the carotin that is by far the more 
important in pigmentation of the animal body. It is a well-known 
fact that xanthophylls are as abundantly and sometimes more abun-
dantly distributed in vegetable matter than carotin. The question 
naturally arises then, why carotin is the pigment which is principally 
taken up by the cow's body, and why the xanthophylls appear there 
only in very small quantity. This seemed to us to be an important 
physiological question. 
It will readily be recognized that a question of this nature is not 
easily answered. It may therefore be stated in advance that the results 
of our studies were not as satisfactory as was anticipated. The 
data are presented, however, for what value they may possess, since 
opportunity was not presented for a further study of the question. 
The data are of some value, at least, in that a number of facts are 
presented which are sufficiently related to advance a fairly acceptable 
theory in regard to the question. 
METHODS OF STUDY 
Several methods of study which did not appear to offer many 
difficulties, seemed available, by which it ·was thought light could be 
thrown on the question. One method was to study the action of the 
various digestive fluids, both natural and artificial, on fresh crude 
residues of the amorphous carotin and xanthophylls of plants. An-
other method was to study the nature of the unsaponifiable pigment 
extracts at various places along the digestiv.e tract of the cow. A 
third method was closely related to the second and consisted in a study 
of the unsaponifiable yellow pigments excreted under conditions where 
unassimilated or undestroyed carotin and xanthophylls of the food 
would be likely to appear unchanged in the feces. Lack of time made 
a thorough study of all the methods impossible so that only the 
significant features of the results of each study will be given. 
1. Missouri Agricultural Experiment Station Research Bulletins Nos. 10 
and 11, this Bulletin, p. 415 (1914); Jour. Biol. Chem. pp. 191, 211, 223 (1914). 
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THE ACTION OF DIGESTIVE JUICES 
The following solutions were added to equal portions of carotin 
and xanthophylls 1 in test tubes, and the tubes plugged with cotton 
and set aside at 40°C. Observations for signs of decomposition were 
made every day for five days'. 
Tube r. Five cc. of 0.25 per cent HCl solution of pepsin. 
Tube 2. Five cc. of 0.25 per cent HCl solution of filtered gastric juice from the fourth stomach of a Jersey cow. 
Tube 3. Five cc. of 0.25 per cent Na2C03 solution of trypsin. 
Tube 4. Five cc. of 0.25 per cent Na2C03 solution of eA'iract 
from pancreas of a Jersey cow. 
Tube 5. Five cc. of 0.25 per cent N a2C03 solution of trypsin 
plus 5 cc. of fresh bile from a Jersey cow. 
Tube 6. Five cc. of 0.25 per cent NaCO solution of pan-
creatic extract 2 plus 5 cc. of fresh bile. 
1. The carotin and xanthophylls were isolated as follows: 200 grams of 
air-dried, powdered, green alfalfa leaves were shaken with three litres of 10 per cent alcoholic petroleum ether for two days, and then with 1 litre of CS., until the solvent had taken up as much pigment as possible. The carotin 
and xanthophylls were isolated from each extract and combined. Each 
solution was now concentrated to 50 cc. and divided into ten parts. These 
were put into test tubes and the solvent driven off at a low temperature. The residues were used for the studies reported above. 
The carotin and xanthophylls were isolated from the alcoholic petroleum 
ether extract as follows: The xanthophyl!s were removed from the extract by shaking with an equal volume of 80 per cent alcohol. The carotin in the petroleum ether was now freed from chlorophyll by shaking with an 
excess of CaC0 3, the solution was now evaporated into alcohol and trans-ferred to ether bv diluting with much water after the addition of ether. The solution was freed from traces of chlorophyll that had escaped absorp-
tion by the CaCO, by shaking with 30 per cent alcoholic potash. The ether 
was then freed from alkali with distilled water. This ether solution of 
carotin was combined with the similar solution obtained from the CS,, ex-tract as described below. The 80 per cent alcohol, containing the xantho-phylls, was partially freed from chlorophyll by shaking with moist animal 
charcoal for one hour. The pigments were then transferred to ether, the 
remainder of the chlorophyll being removed by 30 per cent alcoholic potash 
as in the case of the carotin. The ether solution was then washed free from alkali and added to the xanthophylls obtained from the CS2 extract 
as described below. 
The carotin and xanthophylls were isolated from the CS, ext ract as follows: The extract was concentrated into 95 per cent alcohol and after filtering was 
saponified with KOH. The pigments were extracted from the soap with 
ether. The ether was washed free from alkali and evaporated into alcohol. The carotin and xanthophylls were separated by differentiation between petroleum ether (b. p. 30-50 °0.) and the alcohol. 2. The pancreatic extract was prepared by extracting a freshly ground 
cow's pancreas with 150 cc. of 30 per cent alcohol for 24 hours, straining 
off the extract, filtering and neutralizing with KOH and 0.5 per cent Na2CO,. To prepare the above solution an equal volume of 0.5 per cent Na.CO, was added. 
bile. 
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Tube 7. 
Tube 8. 
Tube 9. 
Five cc. of neutral solution of pancreatin. 
Five cc. of neutral pancreatic extract. 
Five cc. of neutral pancreatic solution plus 5 cc. of fresh 
Tube IO. Five cc. of neutral pancreatic extract plus 5 cc. of bile. 
The pepsin, trypsin and pancreatin were Merck's U. S. P. prepara-
tions. 
A set of ten tubes was also prepared containing equal portions of 
the xanthophylls of yellow corn.1 
The following results were obtained. C aroti'.n: Bleaching oc-
curred only in the tubes containing neutral and alkaline pancreatic 
extracts. In the same tubes plus bile there was no clecoloration. 
The bile had no solvent action on the carotin, which was in marked 
contrast to the xanthophylls, as noted below. Xanthophylls: The pig-
ments in tubes I, 3 and 4 were largely decolorized at the end of the 
second day, while those in tubes 2 , 7 and 8 retained their color after 
the fifth day. No observations could be made on the tubes containing 
bile until the fifth day on account of the fact that the bile had com-
pletely dissolved the pigments as soon as it was added. The pigments 
were examined by, desiccating the contents of the tubes with plaster 
of Paris and extracting with ether. Marked bleaching had occurred 
in all the bile tubes. Corn Xanthophylls: There was marked destruc-
tive action of these pigments in all the tubes except those containing 
bile. The corn xanthophylls, like the xanthophylls from the alfalfa, 
were readily soluble in biie. 
The most significant feature of the above results is the marked 
difference in the solubility of carotin and xanthophylls in bile, the 
surprising result being the very slight solubility of the carotin. This 
was confirmed quantitatively using carotin from another source and 
the bile from several different cows. The results are given in Table L 
The carotin used was a freshly prepared ether solution of carotin. from 
the carrot. Equal volumes of this solution were evaporated at a low 
temperature and the residues treated with IO cc. of bile from each of 
four cows. After standing for several days with frequent shaking 
the bile was filtered and 5 cc. of the filtrate desiccated with plaster 
of Paris. This was extracted with ether until colorless. The extract 
in each case was concentrated to a low volume, made up to 12.5 cc. 
with absolute alcohol, and the color of the solution measured in the 
Lovibond Tintometer. 
1. This was the unsaponifiable pigment of the corn which was more 
soluble in 80 per cent alcohol than in petroleum ether. 
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TABLE No. 1.-THE SOLDI!ILITY O.F CAROTIN IN BILE. 
Experi- Source I Carotin used Carotin in bile I 
Blank* 
ment of I 
No. bile I I I I Yellow Red Yellow I Red Yellow Red I 
I 
i 
1. Jersey 57.0 2.0 3.0 0.6 ! 1. 0 0.2 
2. Angus 57.0 2.0 9.0 0.8 
I 1. 0 0.2 i 
I 
3. I Holstein 57.0 2.0 10.0 0.9 I 1.0 0.2 
4. I Holstein I 57.0 2.0 10.5 1.0 I 1. 0 0.2 
*The blank is the amount of color extracted from 5 c.c. of bile alone, 
after desiccation ·with plaster of Paris. 
An interesting feature in the above table is the apparent greater 
solubility of carotin in the bile of Hiolstein cows, than in the bile of 
Jersey cows. If this is confirmed by future study, considerable sig-
nificance conld be attached to it in explaining, at least partly, the 
differences between the two breeds in the amount of carotin that is 
secreted in the milk fat. 
CHARACTER OF THE PIGMENTS ALONG THE DIGESTIVE TRACT 
The plan in this part of the study 'vas to examine the pigments 
which could be extracted from the material at various places along the 
digestive tract of several cows. Material was obtained from one Hol-
stein cow and two Jersey cows at slaughtering, from each of the three 
stomachs just before the food entered the next part of the digestive 
tract, from three places in the small intestines, from the caecum, and 
from the large intestine. One or two hundred grams of material were 
either dried on the steam bath or desiccated with plaster of Paris, and 
the resulting mass in either case extracted with CS2• The solubility, 
spectroscopic, and adsorption properties of the extracted pigments were 
carefully noted. The pigments were thus differentiated into carotin 
and xanthophyll constituents as well as classified as belonging to 
either of the two groups. 
The results of the study were not satisfactory, in that there was 
no uniformity among the several cows in regard to the character 
of the pigments found at any particular place, although all the animals 
were receiving a ration which should hav·e furnished an excess of both 
carotin and xanthophylls. The reason for this is not obvious. It 
might be thought that the partial drying in some cases destroyed the 
pigments. Possibly this occurred to some extent, but it would not 
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account for the lack of uniformity where this method of desiccation 
was not employed. 
No further discussion will be given this study. Mention has been 
made of it merely because the method seems to be a valuable one, 
and will warrant further application. 
THE EXCRETED PIGMENTS 
For this study the feces of a cow wer.e examined, in a feeding 
experiment where the carotin and xanthophylls were furnished by 
the feeding of carrots only. The balance of the ration was composed 
of grain and timothy hay almost free from carotin and xanthophylls. 
The method of demonstrating the character of the pigments 
in the feces was to desiccate a quantity of fresh feces with plaster 
of Paris and extract the mass with pure carbon bisulphide. The ex-
tract was concentrated and studied spectroscopically, and also by means 
of a Tswett chromotogramm. The relative solubility properties of the 
pigments thus found were studied, and also the spectroscopic properties 
of the pigments thus separated. 
In this way it was found that when the cow was receiving 50 
pounds of carrots per day, both carotin and xanthophylls were abun-
dantly present in the feces. This continued for six days after the 
carrots were withdrawn from the ration, although it was possibJ.e 
to detect but little xanthophyll during this time. 
DISCUSSION OF RES UL TS 
Combining the results of the above experiments, the appearance 
of carotin in the cow's system when fed in excess may be explained 
on the ground of its greater stability toward the digestive processes, 
as shown by the digestion experiments, and the abundant appearance 
of the pigment in the feces. The failure of the xanthophylls to 
appear to any extent in the cow's system may be due similarly to the 
fact that they are apparently more easily destroyed 1 during digestion. 
Some of them that escape destruction are undoubtedly taken up by 
the bile and thus enter the system through the portal circulation. 
Some oxidation probably takes place in the liver. If fat is present 
to any extent some of the xanthophylls will evidently be taken up and 
1. Willstatter and Mieg. (Ann. d. Chem. 355, p_ l, 1907), s t.ate that 
xanthophylls are very sensitive toward acids. This would lead one to 
expect that they would be largely destroyed by the gast r ic juice. Our 
results were contradictory in this r espect. We found an ar tificial gastric juice to destroy the xanthophylls but the natural gastric juice from the fourth stomach of a cow apparently had no effect on them. 
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enter the blood dissolved in fat. In this connection it is of interest 
to recall that we have shown 1 that there is evidence to indicate that 
what xanthophylls can be found in the blood are present dissolved 
in fat. 
An additional possible explanation of this whole question should 
not be overlooked, however, namely, that the difference in the pro-
portion of carotin and xanthophylls taken up by the cow's body 
may be due entirely to the difference in chemical composition 
between carotin an d xanthophylls. Carotin is an unsaturated hydro-
carbon and is furthermore capable of combining with a protein of the 
blood, as we have shown.2 The xanthophylls, on the other hand, are 
carbon, hydrogen and oxygen compounds, in fact are chemically caro-
tin-dioxides. Although still unsaturated bodies, their slight difference 
in composition from carotin, may prevent their combination with the 
serum albumin, thus making it impossible for them to appear to any 
extent in the blood and fatty formations of the cow's body. If fat 
played a greater part in the food of the cow, the xanthophylls would 
undoubtedly appear to a greater extent in the body of this animal. 
SUMMARY 
r. Carotin is assimilated from the food of the cow in preference 
to xanthophylls partly because of its greater stability toward the 
juices of the digestive tract. Xanthophylls are much more soluble 
in bile than carotin,s which probably accounts for their appearance 
in the fat of the blood. 
2. It is probable that carotin forms by far the greater part of 
the lipochromes of the cow's body ch iefly on account of its ability 
to form a compound with one of the proteins of the blood. The 
xanthophylls, being of different composition, probably are not capable 
of forming such a compound. 
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C. THE PIGMENTS OF HUMAN MILK FAT 
The discovery of the chemical and physiological relations of 
the pigments of the fat of cow's milk to the carotin and xanthophylls 
of plants naturally opens the question whether the pigments which 
characterize the fat of other animals are of a similar character. 
Opportunity was not afforded to study this question with any domestic 
animals other than the cow. An opportunity, however, was offered 
to investigate the character of the pigments which sometimes give a 
high color to the fat of human milk. 
The methods used for studying the character of the pigments 
were the microscopic ones used in the preceding studies. The adsorp-
tion properties were not studied, however, the demonstration being 
confined to the observation of the absorption bands and the relative 
solubility properties. 
The fat from two samples of human milk from different sources 
was used. Very little was known in regard to one of the samples, 
it having been sent to the laboratory for analysis by a well-known 
physician of the community. The other sample was t~ken by one of 
us from a woman who had just given birth to a child, and represented 
a portion of the milk of each day of the first few days of lactation. 
Some further observations in regard to this sample will be reported 
below. 
Experiment No. I 
This was the sample in regard to which very little was known, 
with the exception that it was a bona fide sample of human milk. 
The milk had a faint yellow tint. The volume of milk used was 
approximately 125 c.cm. The milk contained about 3.5 per cent fat 
and therefore' yielded a little over 4 grams of fat. The fat was 
obtained from the milk by precipitating it along with the proteins. 
To do this the milk was acidified with acetic acid, a pinch of salt 
added, and the milk brought to a boil. The precipitated proteins, 
when filtered off, had a bright yellow color, due to occluded fat. 
The fat was dissolved out with hot 95 per cent alcohol. 
After concentrating the alcoholic extract, the fat was saponified 
by adding a small piece of KOH and boiling for about one hour. 
The pigment was readily extracted from the soap by ether, after 
dilution with water. The golden-yellow ether solution was washed 
with water and evaporated to dryness. The residue dissolved at once 
in carbon bisulphide with a red-orange color and in this solution 
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showed two beautiful absorption bands, and possibly a third. The 
CS2 was carefully evaporated. A part of the residue which remained 
was difficultly soluble in absolute alcohol, but readily dissolved when 
a little petroleum ether was added. vVhen differentiated between 
petroleum ether and So per cent alcohol the combined pigment was 
readily divided into two apparently equal proportions with perhaps 
slightly more color in the petroleum ether layer. 
The pigment of the petroleum ether layer gave a red-orange 
carbon bisulphide solution showing two strong absorption bands and 
a third faint one, the measurements of which are given in Table No. r 
below. 
TABLE No. !.-ABSORPTION BANDS OF CABOTIN AND XANTHOPHYLLS FROM 
HUMAN MILK FAT. 
Experi-
ment. 
No. 1 
No. 2 
I. 
I I. 
III. 
I. 
I I. 
III. 
lVIeasurements of abso1ption bands. 
Carotin Xanthophylls. 
225-244 I. 234-253 
262-280 II. 275-293 
300-319 III. 320-
225-242 I. 232-252 
265-282 II. 273-293 
III. 312-330 
The pigment of the alcoholic layer gave a yellow-orange, carbon 
bisnlphide solution showing two good absorption bands and end absorp·· 
tion, the measurements of which are given in Table I. 
E.-rperiment No. 2 
As stated above, this sample of human milk was taken by one 
of us and represented th~ milk of the first few days of lactation 
including the colostrum milk. The milk itself was characterized 
by a high yellow color and the fat which rose to the top of the 
sample had a very deep yellow color. About 350 c.cm. of milk were 
obtained. The fat percentage being between 5 and 6, nearly 20 
grams of fat were yielded for the study of the pigments. 
The fat was obtained from this sample of milk in a· manner 
very similar to that used in the preceding experiment. The proteins 
and fat were precipitated together by adding a little salt and also con-
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siderable ammonium sulphate, acidifying with acetic acid and bringing 
to a boil. The precipitate was filtered off on a Biichner funnel. The 
layer of protein and f~t had a golden-yellow color. The fat was 
extracted with hot alcohol and ether. The golden-colored extract 
·was evaporated to dryness and the fat dissolved away with ether. 
Alcohol was added and also 5 grams of KOH and saponification of 
the fat allowed to proceed on the steam bath for one-half hour. The 
pigment was extracted from the diluted soap with ether. After 
thorough washing with distilled water, the ether was evaporated care-
fully to dryness. The residue had a deep red color. It dissolved 
at once in petroleum ether (b.p. 30°-50°C.). 
The pigment in this solution was now differentiated between the 
petroleum ether and 80 per cent alcohol. In this way it was divided 
into two portions which were about equal as far as could be detected 
by the color of the two solutions, with perhaps slightly more color 
in the 80 per cent alcohol. 
The pigment in the petroleum ether layer gave a blood-red colored 
carbon-bisulphide solution which showed two absorption bands and 
considerable end absorption. The measurements of these bands are 
given in Table I. 
The pigment in the 80 per cent alcohol layer gave an orange-
colored carbon-bisulphide solution which showed three distinct absorp-
tion bands. The measurements of these bands are given in Table No. r. 
DISCUSSION OF RESULTS 
The results of the above experiments show very clearly that the 
fat of human milk may be tinted with the same pigments found in 
the fat of cow's milk. The relative proportion of carotin and 
xanthophylls in human milk fat is much more nearly equal than i11 
the fat of cow's milk. This is not surprising when it is considered 
that there is strong evidence that the xanthophylls are conveyed 
through the body dissolved in fat, and when it is also considered 
that fat plays a much greater part in human food than in the food 
of the cow. 
An especially interesting fact brought out by these brief studies 
is that colostrum milk fat of the human is characterizeJ by a very 
high color just as is the case with the fat of the colostrum milk 
from cows. In the experiment here reported, one of us had occasion 
to observe that after about ten days the milk fat from the same woman 
was very much lighter in color than during the first few days of 
lactation. The milk was also observed at intervals for a period of 
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several months. Considerable variation in the color of the fat was 
noticed. Although it was not possible to accurately trace the cause 
of this variation, as we did in the case of cows in an earlier paper 
of this series, it was undoubtedly due to changes in diet. 
In conclusion it may be stated that all students of human anatomy 
are familiar with the fact that the fat on the human body is often 
characterized by a marked yellow color. In view of the fact that the 
pigments of the milk fat and body fat of the cow are identical, it 
must therefore be concluded that the pigments of the milk fat and 
body fat of humans are identical. 
SUMMARY* 
I. The fat of human milk may be tinted by carotin and xantho-
phylls, the pigments which characterize the fat of cows' milk. The 
relative proportion of carotin to xanthophyll in human milk fat is 
much more nearly equal than in the fat of cows' milk. 
2. The colostrum fat of human milk is characterized by a very 
high color as is the case with the fat of the colostrum milk of cows. 
3. The pigment of human body fat is no doubt identical with the 
pigment of human milk fat. 
*See page 438 for summary of "The Yellow Pigment of Blood Serum." 
See page 446 for summary of "Carotin and Xanthophylls During Digestion." 
